1. A procedure is described for the isolation of intact polyribosomes from the cytoplasm, chloroplasts and mitochondria ofEuglenagracilis. 2. All three polyribosomal preparations incorporated labelled amino acids in a system in vitro. The cytoplasmic system was inhibited by cycloheximide but not by chloramphenicol. Both the chloroplast and the mitochondrial systems, however, were inhibited by chloramphenicol but not by cycloheximide. It is shown that mitochondrial polyribosomes, like the polyribosomes from cytoplasm and chloroplasts, can participate directly in protein synthesis without supplementary mRNA being added to the synthesizing system, as in previously reported instances. 3. Sedimentation coefficients were measured for the ribosomes, ribosomal subunits, and rRNA of the cytoplasm, chloroplasts and mitochondria. 4. The G+C content was 55% for cytoplasmic rRNA, 50% for chloroplast rRNA, and 29% for mitochondrial rRNA. 5. The cytoplasmic ribosomal subunits contained a ribonuclease activity that was inhibited by heparin.
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A considerable amount of information has been accumulated on the nucleic acid function and specificity of Euglena gracilis (see, e.g., Brawerman, 1968) and many of the nucleic acid components of these cells have been characterized. In spite of efforts by various groups of workers (see Table 1 for details), however, the sedimentation coefficients of Euglena cytoplasmic and chloroplast ribosomes and their RNA are still a matter of conflict and confusion (Table 1) .
In contrast with some of the initial studies (Table  1) , it is now generally accepted that, like all other cell types examined (Stutz & Noll, 1967) , Euglena cells contain two cytoplasmic rRNA components (Rawson & Stutz, 1968; Loening, 1968; Schuit & Buetow, 1968; Portier & Nigon, 1968 ; Krawiec & Eisenstadt, 1970; Scott et al., 1970; Heizman, 1970; Mendiola et al., 1970; Spiess & Richter, 1970) . Various sedimentation coefficients, however, have been reported for these two ribosomal RNA components (Table 1) . This variation could be caused either by the high RNAase* activity in Eug. gracilis (Fellig & Wiley, 1960; Smillie et al., 1963) or the harsh methods often used to rupture the tough cell pellicle of this organism; however, involvement of other factors is also possible.
Previous studies (Rawson & Stutz, 1969; Mendiola et al., 1970) have shown the possibility of isolating polyribosomes from the chloroplasts of Eug. gracilis; however, these preparations did not contain the highly polymerized particles found in polyribosomes iso-*Abbreviation: RNAase, ribonuclease. Vol. 128 lated from plant chloroplasts (Stutz & Noll, 1967) . Preston et al. (1970) could not isolate polyribosomes from chloroplasts, although they could isolate ribosomes and ribosomal subunits. The work of Harris & Eisenstadt (1971) indicated indirectly the existence of polyribosomes in chloroplasts on the basis of patterns of amino acid incorporation. A similar difficulty seems to exist in detecting ribonucleoprotein particles in Euglena mitochondria (Krawiec & Eisenstadt, 1970; Schiff, 1970; Hirvonen & Price, 1971) .
In the present paper we describe an improved method for the isolation of active polyribosomes from the cytoplasm, chloroplasts and mitochondria of Eug. gracilis. Because of the increasing interest in mitochondrial protein-synthesizing systems, the results obtained with mitochondrial polyribosomes are discussed in detail.
Materials and Methods Organisms and growth conditions
Organisms used were a streptomycin-bleached, chloroplast-lacking mutant of Eug. gracilis (strain SM-Li) and the photosynthetic forms, Eug. gracilis (bacillaris variety) and Eug. gracilis (strain Z). The cells were maintained as described previously (Schuit & Buetow, 1968; Schuit et al., 1970) . For all the experiments reported in the present paper, cells were grown under sterile conditions in a defined medium (Buetow, 1965) (Chang & Kahn, 1970 Buetow & Buchanan (1964 , 1965 Heparin, rat liver protein fraction and f-mercaptoethanol were added to the mitochondrial suspension as with chloroplast and cytoplasmic polyribosome preparations. Mitochondria were lysed by adding sodium deoxycholate to a final concentration of 0.3%. The lysate was centrifuged at 15000g for 10min. The supernatant was layered over l.Oml of 2.0M-sucrose in KTM15 buffer and centrifuged as described for the cytoplasmic and chloroplast preparations. The final polyribosomal pellet was rinsed and was dissolved in KTM15 buffer as described above. All steps were done at 0-2°C.
Preparations of cytoplasmic, chloroplast and mitochondrial ribosomes. The polyribosome pellets obtained from the cytoplasm, chloroplasts and mitochondria as described above were suspended in KTM2 buffer containing 0.25M-sucrose and 50,ug of heparin/ml and were incubated on ice for 30min. After 30min, most of the polyribosomes were dissociated to monoribosomes and subunits. The ribosomes were pelleted by centrifugation at 105000g for 1 h and were suspended in KTM2 buffer at a final concentration of 2.0mg of RNA/ml. These ribosomal preparations could be stored at -20°C for at least 4 weeks without any noticeable change in sedimentation coefficients.
Preparation of rat liver and Escherichia coli ribosomes. Esch. coli A19 cells were grown in a caseinhydrolysate medium as described by Clark et al. (1965) . Packed cells were washed and suspended in an equal volume of KTM5 buffer containing 0.25M-sucrose. Cells were lysed with 0.4% egg-white lysozyme and Brij 58 as described by Friedman et al. (1969) . The lysate was treated with 20,ug of bovine pancreatic deoxyribonuclease (RNAase-free; Worthington Biochemical Corp., Freehold, N.J., U.S.A.) for 10min at 0-2°C and was centrifuged at lOOOOg for 10min. Polyribosomes were isolated from the lOOOOg supernatant as described for Euglena cytoplasmic polyribosomes. The polyribosomes were dissociated into ribosomes and subunits by decreasing the Mg2+ concentration as in the Euglena preparations described above.
About lOg wet wt. of 0.9% NaCl-washed rat livers were minced and homogenized in 20ml of KTM5 buffer containing 0.25 M-sucrose with a Teflon pestle electrically driven at 500rev./min. The homogenate was centrifuged at 15000g for 20min and the supernatant was aspirated off. Sodium deoxycholate was added to the supernatant at a final concentration of 2%. After incubation at 0-40C for 5min, the mixture was centrifuged at 15000g for 10min and 2.3ml of the resulting supernatant was centrifuged over 1.Oml of 2.0M-sucrose in KTM5 buffer as described above for Euglena. Ribosomes were prepared as described above for Euglena.
Preparation of rRNA. Polyribosomal pellets were washed and suspended in KT buffer containing 0.25M-sucrose, 50,g of heparin/ml and 0.03ml of rat liver preparation/ml and were kept at 0-40C for 30min. The ribosomal subunits thus produced were collected by centrifugation in an SB 405 rotor at 60000rev./min (4O5OOOgmax.) for 30min at 0-1°C. The subunit pellets were suspended in 5mM-tris-HCl buffer (pH 7.4 at 25'C) containing 2% (w/v) sodium dodecyl sulphate and 50,ug heparin/ml and were used directly for the analysis of rRNA on sucrose gradients (described below) or for the isolation of the rRNA by phenolic extraction. In the latter case, the ribosomal subunits were suspended in 5mM-tris-HCI buffer (pH7.4 at 25°C) containing 50,ug of heparin/ml and mixed with 2vol. of 88% (w/v) phenol (Fisher Scientific Co., Fair Lawn, N.J., U.S.A.). After constant mixing for 10min, the mixture was centrifuged at lOOOOg for 10min. The aqueous phase was aspirated off and extracted repeatedly with cold diethyl ether to remove residual phenol. Diethyl ether was removed from the aqueous phase by a flow of N2. In cases where the RNA content was too low to recover adequately after precipitation with 2 vol. of chilled ethanol as described by Schuit et al. (1970) , the diethyl ether-free aq. phase was directly used for gradient centrifugation or base analysis.
Zone-velocity sedimentation. Polyribosomes. Linear (10-34%, w/v) sucrose density gradients (lOml vol.) were prepared over a 2.Oml 'cushion' of 40% (w/v) sucrose. The gradients contained KTM5 buffer. Polyribosome preparations equivalent to 100,ug of RNA in 0.1 ml were layered over the gradients. The tubes were centrifuged in an SB 206 rotor of the International model B-60 ultracentrifuge for 2h at 35000rev./min (210000gmax.) at 0-1°C. Gradient patterns were determined by upward displacement with a 55 % (w/v) sucrose solution by using an ISCO gradient fractionator. The E260 was recorded in a Gilford model 2000 automatic recording spectrophotometer.
Ribosomes. Approx. 0.1 ml of ribosomes (in KTM2 buffer) representing 45-50,ug of RNA were layered over a 3.4ml linear gradient of 10-34% sucrose in KTM2 buffer. Centrifugation was done in the SB 405 rotor of an International model B-60 ultracentrifuge for 2h at 5OOOOrev./min (280000gma,.) at O-1°C. The gradients were analysed as described above.
rRNA. About 70-75,ug of rRNA in 5.OmM-tris-HCI buffer (pH7.4) were layered over a lOml linear 5-25 % (w/v) sucrose gradient prepared over a 2.Oml 'cushion' of 30.5 % (w/v) sucrose. The gradients were centrifuged in the SB 206 rotor for 11 h at 35000rev./ min (210000gmax.) at 0-10C. The gradients were 1972 analysed as described above. Base composition was determined by the method of Katz & Comb (1963) .
Preparation ofthe S-150fractionfrom Euglena. All the operations were done at 0-2°C. Cells of photosynthetically grown Eug. gracilis (strain Z) were suspended in an equal volume of BRS medium (40mM-tris-HCl buffer, pH 7.8, 12.5mM-magnesium acetate, 40mM-KCI, O0mM-NH4CI, 10mM-p-mercaptoethanol). Heparin and rat liver protein fraction were added as described for the isolation of polyribosomes. The cells were ruptured in a French pressure cell at 180001bf/in2 (521 N/M2). The lysate was centrifuged at 900g for 5min. The 900g supernatant containing the chloroplasts and mitochondria was treated with sodium deoxycholate at a final concentration of 0.5 %. The lysate was then centrifuged at 15000g for 20min and the top 75% of the supernatant was aspirated offand further centrifuged at 150000gmax. for 2h. The clear supernatant was pipetted out and dialysed against 3 litres of cold BRS medium (three changes of 1.0 litre each over a period of 12h) to remove free amino acids, bases and the deoxycholate. The non-diffusible material was finally clarified at 10000g for 10min and stored as small portions (i.e. the S-150 fraction) in liquid N2.
Preparation of the S-150 fraction from Esch. coli and rat liver. Cell homogenates of Esch. coli A19 and rat liver were prepared as in the procedure for isolating ribosomes from these cells except that BRS medium was used instead of KTM5 buffer. The cell homogenates were centrifuged at 15000g for 20min and then at 150000g for 2h. The S-150 fractions were dialysed and clarified as described above for Euglena.
Cell-free protein synthesis. Assays of protein synthesis in vitro were modified from the methods of Clark et al. (1965) and . The total volume of the system was 0.1 ml and included 40mM-tris-HCI buffer (pH7.8), 12.5mM-magnesium acetate, 40mM-KCI, 1OmM-p-mercaptoethanol, l0mM-NH4CI, 6.OmM-phosphoenolpyruvate (Sigma Chemical Co.), 3.OmM-ATP (Sigma Chemical Co.), 1.5mM-GTP (Sigma Chemical Co.), 0.5,uCi of algal hydrolysate containing fifteen 14C-labelled amino acids (New England Nuclear Corp., Boston, Mass., U.S.A.; 1.8,uCi/mg), 40pM each of the following unlabelled L-amino acids (asparagine, glutamine, tryptophan, methionine and cysteine), 2.5,ug of crystalline pyruvate kinase (Sigma Chemical Co.), 0.02ml of the S-150 fraction from Euglena, Esch. coli or rat liver equivalent to 2.5mg of protein and polyribosomes equivalent to 0-80,ug of RNA. Unless stated otherwise, reactions were incubated at 37°C for 30min. The reaction was stopped by adding 5ml of 5% (w/v) trichloroacetic acid containing 0.05% casein hydrolysate (Difco Laboratories, Detroit, Mich., U.S.A.). The tubes were heated at 90°C for 10min and cooled in ice. The precipitate was collected on Millipore filter discs (0.45,um pore size) and Vol. 128 washed five times with 3-4ml of 5% trichloroacetic acid. The filter discs were dried at 90°C and counted for radioactivity as described previously .
Results

Cytoplasmic polyribosomes
Typical patterns of cytoplasmic polyribosomes isolated by methods I and II are shown in Figs. l(a)  and 1(b) . The polyribosomes isolated by the glassbead grinding technique (Fig. lb) appeared to be more intact and more polymerized than the polyribosomes isolated by the French-pressure-cell technique (Fig. la) . Treatments such as sonication and pressure to rupture the cell pellicle frequently yield broken polyribosomes (Marcus & Halvorson, 1967) . In the initial experiments, the post-mitochondrial supernatant was mixed with 1.0% deoxycholate to solubilize membranes. In the later experiments, however, the deoxycholate treatment was eliminated and no difference in the polyribosome pattern was observed. This result followed as Euglena cells contain predominantly endoplasmic reticulum ofthe smooth type rather than the granular type (Brandes et al., 1964; Buetow, 1968) . The cytoplasmic polyribosomes were readily degraded by EDTA and RNAase (Figs. lc and Id). EDTA treatment produced comparatively more subunits than RNAase treatment. The former is known to dissociate the polyribosomes into ribosomal subunits, whereas the latter breaks down the high-molecular-weight polyribosomes to monomeric ribosomes (Gierer, 1963) .
Chloroplasts and chloroplast polyribosomes
The concentration of Mg2+ in the isolation medium for chloroplasts and chloroplast polyribosomes was 15mM, as suggested by Boardman et al. (1965) , Rawson & Stutz (1969) and Scott et al. (1970) . Fig.  2(a) shows the polyribosome profile from the chloroplasts. The present technique appeared to yield an improved chloroplast polyribosomal profile compared with previous reports (Rawson & Stutz, 1969; Mendiola et al., 1970) . The chloroplast polyribosomes, however, appeared to contain fewer highlypolymerized particles as compared with the cytoplasmic (Fig. lb) and mitochondrial polyribosomes (Fig. 3a) (Preston et al., 1970) .
Figs. 2(b) and 2(c) show the effect of EDTA and RNAase on the chloroplast polyribosomes. Both agents degraded the polyribosomes into typical ribosomes and ribosomal subunits.
Isolation of mitochondrialpolyribosomes
The mitochondrial polyribosome pattern is shown in Fig. 3(a) . In addition to the two small peaks at the top of the gradient representing the subunits, nine or ten peaks of highly polymerized particles were seen. The mitochondrial polyribosomes, like the cytoplasmic and chloroplast polyribosomes, were sensitive to EDTA and to RNAase (Figs. 3b and 3c ).
Sedimentation coefficients of ribosomes and subunits
The sedimentation coefficients for the ribosomal subunits were calculated as described by Martin & Ames (1961) with Esch. coli A19 ribosomes and rat liver ribosomes used as standards. The sedimentation coefficients assigned for various peaks were the mean of at least four independent estimations (Table 2) . When the cytoplasmic, mitochondrial and chloroplast polyribosomes were suspended in a low-Mg2+ KTM2 buffer, the highly polymerized particles dissociated to monomeric ribosomes and subunits (Figs. 4a, 4b and 4c) .
The cytoplasmic ribosomes sedimented as 87S particles and contained 46S and 67S subunits (Fig.  4a) to those reported (Table 1) by Rawson & Stutz (1968 , 1969 ), Scott et al. (1970 , Mendiola et al. (1970) and Vasconcelos et al. (1971) . Fig. 4(b) shows a typical pattern of chloroplast ribosomes and subunits. Chloroplast ribosomes sedimented as 69S peaks similar to those of Esch.
Vol. 128 coli ribosomes. When Esch. coli and chloroplast ribosomes were mixed and run on the same gradient, both sedimented as a single peak. The chloroplast ribosomes were dissociable to two subunits of 29S and 50S (Fig. 4b) . These results agree closely with the (1971) . Some variance is noted, however, particularly in the sedimentation coefficient of the large subunit (Table  1) . We always found that the larger subunit from the chloroplast sedimented exactly like the Esch. coli 50S subunit. The mitochondrial ribosomal pattern is shown in Fig. 4(c) . Monomeric ribosomes sedimented as 71 S particles and the ribosomal subunits sedimented as 32S and 50S particles. The sedimentation values for these particles were the same for Euglena variety bacillaris and strain Z (Table 2) . Ribosomal 
RNA
As the sedimentation coefficients reported for the cytoplasmic rRNA are conflicting (Table 1) , utmost care was taken to isolate the intact RNA molecules. The cytoplasmic ribosomes of Euglena are known to contain a ribonuclease activity that becomes functional only when the ribosomes dissociate to subunits (Heizman, 1970) . The ribosomal subunits were therefore sedimented quickly in the presence of heparin, an RNAase inhibitor (Palmiter et al., 1970) . Whenever the ribosomes were suspended in 5mm-tris-HCl buffer (pH7.4), heparin was always present. Further, in our experiehce, both sodium dodecyl sulphate treatment and phenol extraction gave the same results. The former method, however, was convenient since it could be done quickly and also was successful with samples of RNA as small as 150,ug.
As shown in Fig. 5(a) , the cytoplasmic rRNA gave major peaks at 20S and 24S with a small peak at the 5S region. These values agree with those found by Rawson & Stutz (1968 , 1969 , Scott et al. (1970) and Spiess & Richter (1970) , and are very near to the values reported by Mendiola et al. (1970) , Krawiec & Eisenstadt (1970) and Heizman (1970) . The 26S and 22S RNA species also observed by Scott et al. (1970) could be contaminating RNA species. The values of 22S and 17S for the cytoplasmic rRNA reported from this laboratory (Schuit & Buetow, 1968) were the result of a difficulty in accounting fully for the changing viscosity of the sucrose gradient under the conditions used. In the present study this difficulty was overcome through the use of an ISCO gradient fractionator (see the Materials and Methods section).
The chloroplast rRNA had 16S and 22S components and a 5 S component (Fig. 5b) . Similar values (Table 1) were published by Rawson & Stutz (1969) and Heizman (1970) . Slightly higher s values (Table 1) were reported for the larger RNA component in some cases (Scott et al., 1970; Preston et al., 1970; Mendiola et al., 1970) . This variance may be due to the use of polyacrylamide gels in the latter cases, as indicated in the experiment of Preston et al. (1970) .
The mitochondrial ribosomes contained 16S and 21 S components and a small 5 S component (Fig. Sc) . Similar components were shown in the mitochondria from various sources (Wintersberger & Viehhauser, 1968; Rogers et al., 1967; Leon & Mahler, 1968; Fauman et al., 1969; Kuntzel & Noll, 1967; Swanson & Dawid, 1970; Chi & Suyama, 1970) . Our values, however, are higher than the values (llS and 14S) published for mitochondrial RNA from Eug. gracilis (Krawiec & Eisenstadt, 1970) . The above-mentioned sedimentation coefficients for various ribosomal RNA components were the same for both Euglena variety bacillaris and strain Z (Table 2) . compositions (Table 3 ). The overall trend in the base ratios of the cytoplasmic and chloroplast rRNA molecules was similar to the results of Brawerman (1963) and Rawson & Stutz (1969) . The G+C content of the cytoplasmic rRNA was 55.7 % and that of the chloroplast rRNA was 50.0 %. The mitochondrial rRNA, in contrast, contained only 29.8% G+C, as expected (Rifkin et al., 1967; Kuntzel & Noll, 1967; Chi & Suyama, 1970) . No significant strain differences were observed in the base composition of the various rRNA species. Evidence for RNAase activity associated with the cytoplasmic ribosomes The presence of an RNAase activity in the cytoplasmic ribosomal subunits of Euglena was reported by Heizman (1970) . Heparin was an inhibitor of this activity as shown in Figs. 6(a) and 6(b). Samples incubated without heparin showed considerable degradation in the 24S region and some degradation in the 20S region (Fig. 6b) . Chloroplast and mitochondrial subunits, whether incubated with or without heparin, did not show any significant degradation. It appears either that the latter subunits did not contain the RNAase activity or that the RNAase was not active under the conditions tested.
Cell-free protein synthesis
The polyribosomes from the cytoplasm, chloroplasts and mitochondria (from both Euglena variety bacillaris and strain Z) incorporated amino acids into the hot-trichloroacetic acid-insoluble fraction (Table  4) . Omission of the Euglena S-150 fraction or polyribosomes from the system decreased incorporation by 1100 and 610 c.p.m. respectively. Kinetic experiments showed that the rate of incorporation was dependent on the time of incubation and on the concentration of polyribosomes. Protein synthesis by all three types of polyribosomes required the presence of amino acids, ATP and an ATP-generating system (Table 4) . RNAase and EDTA inactivated the system. These results are consistent with the characteristics of a typical system for protein synthesis in vitro (Nirenberg & Matthaei, 1961; Noll et al., 1963; Heywood et al., 1968; Coleman, 1969) .
Chloramphenicol, a potent inhibitor of bacterial protein synthesis, inhibited the mitochondrial and chloroplast systems in vitro by 52-53 %, but had little effect (9% inhibition) on cell-free synthesis by the cytoplasmic system. Cycloheximide, which is effective only in eukaryotic systems (Bennet et al., 1964) , inhibited the cytoplasmic system by 78 %, but had a negligible effect on the mitochondrial and chloroplast cell-free systems (Table 4) . As compared with the Euglena S-150 fraction, the S-150 fraction from Esch. coli was only 72% efficient in stimulating protein synthesis in the Euglena cytoplasmic system, but was 130-140% efficient in the chloroplast and mitochondrial systems. The S-150 fraction from rat liver was only 58 % efficient in the Euglena cytoplasmic system and was less efficient in the chloroplast and mitochondrial systems (15-18 %). The Euglena cytoplasmic system contains formylmethionyl-tRNA (N. G. Avadhani & D. E. Buetow, unpublished work) in addition to some eukaryotictype tRNA (N. G. Avadhani & D. E. Buetow, unpublished work) . This may account for the fact that both the Esch. coli and the rat liver fractions gave only fractional activities in the Euglena cytoplasmic system.
Discussion
In the present paper we describe a procedure for the isolation of active polyribosomes from the cytoplasm, chloroplasts and mitochondria ofEug. gracilis. Rupturing the cells by grinding with glass beads appears to be a milder treatment than rupturing the cells with a French pressure cell, at least as regards the pattern observed for cytoplasmic polyribosomes in Fig. 1 . The glass-bead technique can be used also for the isolation of mitochondrial and chloroplast polyribosomes (Figs. 2 and 3) .
Besides the technique used to disrupt the cells, another critical requirement for the isolation of intact organelles and active polyribosomes from Euglena was the careful maintenance of the pH of Vol. 128 the buffer. When the cells are lysed in a lOnM-tris buffer, the pH of the lysate falls to 6.3. At this pH, RNAase of Euglena is quite active (Fellig & Wiley, 1960) . In these studies, therefore, the concentration of tris buffer was increased to 50mM. This concentration is sufficient to maintain the pH above 7.0 (Buetow & Buchanan, 1964) . Finally, three different RNAase inhibitors were included in the isolation medium. In the early experiments, when the polyribosomes were prepared without any added RNAase inhibitors, the preparations contained only up to trimeric aggregates, as analysed in the sucrose gradients. Various RNAase inhibitors were therefore tried in this system. The combination of heparin and rat liver protein fraction gave the best results. Heparin was used successfully in the isolation of polyribosomes from oviducts (Palmiter et al., 1970) . The cytosol of rat liver is known to contain a strong RNAase inhibitor (Bont et al., 1965; MacGregor & Mahler, 1969) . In addition to these two inhibitors, P-mercaptoethanol was also used.
As a result of all these precautions, the present technique yields polyribosomes, in contrast with previous techniques that used a French pressure cell to break the cells (Rawson & Stutz, 1969; Heizman, 1970; Mendiola et al., 1970) . Polyribosome preparations obtained by the present procedure had an E260/E280 ratio of 1.6-1.7 for different preparations. These preparations retained both their typical pattern in sucrose gradients and their proteinsynthesizing ability for several months when quickly frozen and stored in liquid N2. Compared with the chloroplast and mitochondrial polyribosomes (Figs.  2b and 3b) , however, the cytoplasmic polyribosomes (Fig. Ic) appeared more resistant to EDTA treatment. This could be due to a comparatively higher sensitivity of chloroplast (Scott et al., 1970) and mitochondrial (Kuntzel, 1969b,c; Chi & Suyama, 1970) ribosomes towards low Mg2+ concentrations.
Mitochondrial ribosomes and their associated RNA have been investigated in various cells (Ashwell & Work, 1970) . Generally, the sedimentation coefficient for the mitochondrial ribosomes is between 55S and 72S. The mitochondrial ribosomes from Eug. gracilis are similar as they are composed of 71 S monomers, which dissociate into 32S and 50S subunits ( Table 2 ). The latter ribosomes contain 16S and 21 S RNA components (Table 2 , Fig. 5d ). Previous attempts at isolating the mitochondrial ribosomes from Eug. gracilis were unsuccessful, though llS and 14S RNA components with a low G+C content could be isolated (Krawiec & Eisenstadt, 1970 ). These low s values suggest that a breakdown of the RNA occurred in the latter experiments. Our preparations are free of cytoplasmic components, as they do not contain any 87S particles (Fig. 4b) . Also, a mitochondrial preparation from the bleached, proplastid-lacking strain SM-Li is free of chloroplast components.
The mitochondrial rRNA contains about 29% G+C (Table 3) . Such a low G+C content has been observed before and has been used as a criterion for differentiating mitochondrial rRNA from cytoplasmic rRNA (Kuhtzel & Noll, 1967; Chi & Suyama, 1970; Kuntzel, 1969a) .
Isolated mitochondria and extracts from lysed mitochondria are known to incorporate amino acids (Das et al., 1964; Kroon, 1963; Lamb et al., 1968; Sebald et al., 1969; Alvadhani et al., 1971) . Also, the presence of tRNA and formylmethionyl-tRNA in mitochondria (Smith & Marcker, 1968; Galper & Darnell, 1969; Epler et al., 1970 ) strongly indicate the existence of an autonomous protein-synthesizing system in these organelles. This view was further supported by the characterization of a poly(U)-directed cell-free protein synthesis by mitochondrial ribosomes (Kuntzel, 1969a) . While the present work was in progress, the initiation of protein synthesis by yeast mitochondrial ribosomes, and ribosomal washes with viral RNA (Scragg et al., 1971 ) and poly(U) (Grivell et al., 1971) templates was reported.
Together with a previous study (Avadhani & Buetow, 1972) , the present results show that mitochondrial polyribosomes can participate directly in protein synthesis. This result provides direct evidence for the presence of an active protein-synthesizing system in mitochondria. The results with antibiotics (Table 4) give further emphasis to the idea that an independent biosynthetic system is present in this organelle (Ashwell & Work, 1970) .
